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REMARKS 
Claims 1-5 are pending for examination. 
Correspondence Address 

Applicants note that an Advisory Action was mailed to the previous address for 
Applicants' representatives and was returned to the P.T.O. as undeliverable. Applicants 
respectfully request that future correspondence be sent to the address indicated for the customer 
number provided below. 
Inventorship 

The Examiner asserts that the request for the deletion of inventors submitted in the 
previous Amendment and Response to Office Action filed August 13, 2004 was deficient 
because it was not signed by a party set forth in 37 C.F.R. § 1.33(b) and does not acknowledge 
that the deleted inventors' invention is no longer being claimed in the instant application as 
required by 37 C.F.R. §1.48(b)(l). 

Applicants note that the previous Amendment and Response to Office Action was signed 
by an Attorney of Record and that 37 C.F.R. § 1.33(b)(1) lists attorneys of record as being 
•authorized to sign such documents. In addition, Applicants note that page 5 of the previous 
Amendment and Response to Office Action provides that the deleted inventors' inventions are no 
longer being claimed as a result of prosecution. 

hi view of the foregoing, Apphcants maintain that the request for deletion of inventors is 

proper. 

Rejection Under 35 U.S.C. §101 

The Examiner asserts that Claims 1-5 are not supported by a specific and substantial 
asserted utility or a well-established utility. The Examiner asserts that the Declarations stating 
that increased mRNA levels are predictive of increased polypeptide levels are not persuasive. 
The Examiner notes that the Polakis Declaration states that in 80% of the observations increases 
in the levels of a particular mRNA correlate with changes in the level of protein expressed fi"om 
that mRNA in human txmior cells. The Examiner also notes that the Declaration of Dr. Polakis 
states that it remains a central dogma that increased levels of mRNA are predictive of increased 
levels of protein. However, the Examiner maintains that the art cited in the rejection under the 
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first paragaraph of 35 U.S. C. §112 discussed in more detail below supports the conclusion that 
mRNA over-expression does not correlate with protein over-expression. 

The Examiner also asserts that the Omtoft, Hyman and Pollack references provided with 
the previous Amendment and Response to Office Action relate to gene ampUfication and do not 
estabhsh that it is the norm rather than the exception that protein levels necessarily parallel gene 
expression in cancer cells. The Examiner cites Gokman-Polar et al. (Cancer Research, 2001 
61 :1375-1381) as indicating that PKC mRNA levels do not correlate with PKC protein levels. 

The Examiner noted the arguments in the Ashkenazi Declaration stating that, assuming 
arguendo that there is no correlation between gene expression and decreased protein expression 
for PRO 1069, an antibody to a polypeptide which is underexpressed in cancer would still have 
utility. However, the Examiner maintains that there is no indication that PRO 1069 protein levels 
increase or stay the same and that further research would be required to determine PRO 1069 
protein levels. Accordingly, the Examiner argues that the asserted utility is not substantial 
because the real-world use has not been established and that the claimed utility is not specific 
because there is no objective evidence correlating the expression of the PRO1069 polypeptide 
with any particular disease state. 

Applicants respectfully maintain that the claimed antibodies meet all the requirements of 
35U.S.C. §101. 
Utility - Legal Standard 

According to the Utility Examination Guidelines ("Utility Guidelines"), 66 Fed. Reg. 
1092 (2001) an invention complies with the utility requirement of 35 U.S.C. § 101, if it has at 
least one asserted "specific, substantial, and credible utility" or a "well-established utility." 

Under the Utility Guidelines, a utility is "specific" when it is particular to the subject 
matter claimed. For example, it is generally not enough to state that a nucleic acid is useful as a 
diagnostic tool without also identifying the condition that is to be diagnosed. 

The requirement of "substantial utility" defines a "real world" use, and derives firom the 
Supreme Court's holding in Brenner v. Manson^ 383 U.S. 519, 534 (1966) stating that "The basic 
quid pro quo contemplated by the Constitution and the Congress for granting a patent monopoly 
is the benefit derived by the public from an invention with substantial utility." In explaining the 
"substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that Office personnel must 



AppL No. : 10/063,557 

Filed : May 2, 2002 

be careful not to interpret the phrase "immediate benefit to the public" or similar formulations 
used in certain court decisions to mean that products or services based on the claimed invention 
must be "currently available" to the public in order to satisfy the utility requirement. "Rather, any 
reasonable use that an applicant has identified for the invention that can be viewed as providing 
a public benefit should be accepted as sufficient, at least with regard to defining a 'substantial' 
utility." (M.P.E.P. § 2107.01, emphasis added). 

Indeed, the GuideUnes for Examination of Apphcations for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 n(B)(l) gives the following instruction to patent 
examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose ... and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 

Utility need NOT be Proved to a Statistical Certainty - a Reasonable Correlation between the 

Evidence and the Asserted Utility is Sufficient 

An Applicant's assertion of utility creates a presumption of utility that will be sufficient to 

•satisfy the utility requirement of 35 U.S.C. § 101, "unless there is a reason for one skilled in the 

art to question the objective truth of the statement of utility or its scope." In re Langer, 503 F.2d 

1380, 1391, 183 USPQ 288, 297 (CCPA 1974). See, also In re Jolles, 628 F.2d 1322, 206 USPQ 

885 (CCPA 1980); In re Irons, 340 F.2d 974, 144 USPQ 351 (1965); In re Sichert, 566 F.2d 

1154, 1159, 196 USPQ 209, 212-13 (CCPA 1977). Compliance with 35 U.S.C. § 101 is a 

question of fact. Raytheon v. Roper, 724 F.2d 951, 956, 220 USPQ 592, 596 (Fed. Cir. 1983) 

cert, denied, 469 US 835 (1984). The evidentiary standard to be used throughout ex parte 

examination in setting forth a rejection is a preponderance of the evidence, or "more likely than 

not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). 

This is stated explicitly m the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a 
whole, it leads a person of ordinary skill in the art to conclude that the asserted 
utility is more likelv than not . M.P.E.P. at § 2107.02, part VII (2004) (underline 
emphasis in original, bold emphasis added, internal citations omitted). 
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The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 
would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 
1436 (Fed. Cir. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
evidence. Id, As stated in the M.P.E.P., such rebuttal evidence does not need to absolutely prove 
that the asserted utiUty is real. Rather, the evidence only needs to be reasonably indicative of the 
asserted utility. 

hi Fujikawa v. Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996), the Court 

of Appeals for the Federal Circuit upheld a PTO decision that in vitro testing of a novel 

pharmaceutical compound was sufficient to establish practical utility, stating the following rule: 

[T]esting is often required to establish practical utility. But the test results need 
not absolutely prove that the compound is pharmacologically active. All that is 
required is that the tests be "reasonably indicative of the desired 
[pharmacological] response." In other words, there must be a sufficient 
correlation between the tests and an asserted pharmacological activity so as to 
convince those skilled in the art, to a reasonable probability, that the novel 
compound will exhibit the asserted pharmacological behavior." Fujikawa v. 
Wattanasin, 93 F.3d 1559, 1564, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996) (internal 
citations omitted, bold emphasis added, itaUcs in original). 

While the Fujikawa case was in the context of utility for pharmaceutical compoimds, the 
principals stated by the Court are applicable in the instant case where the asserted utility is for a 
therapeutic and diagnostic use - utility does not have to be established to an absolute certainty, 
rather, the evidence must convince a person of skill in the art "to a reasonable probability." In 
addition, the evidence need not be direct, so long as there is a "sufficient correlation" between 
the tests performed and the asserted utility. 

The Court in Fujikawa relied in part on its decision in Cross v. lizuka, 753 F.2d 1040, 

224 U.S.P.Q. 739 (Fed. Cir. 1985). In Cross, the Appellant argued that basic in vitro tests 

conducted in cellular fractions did not establish a practical utility for the claimed compounds. 

Appellant argued that more sophisticated in vitro tests using intact cells, or in vivo tests, were 

necessary to establish a practical utility. The Court in Cross rejected this argument, instead 

favoring the argument of the Appellee: 

[I]n vitro results... are generally predictive of in vivo test results, i.e., there is a 
reasonable correlation therebetween. Were this not so, the testing procedures of 
the pharmaceutical industry would not be as they are. [Appellee] has not urged, 
and rightly so, that there is an invariable exact correlation between in vitro test 
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results and in vivo test results. Rather, [Appellee's] position is that successful in 
vitro testing for a particular pharmacological activity establishes a significant 
probability that in vivo testing for this particular pharmacological activity will be 
successful. Cross v. lizuka, 753 F.2d 1040, 1050, 224 U.S.P.Q. 739 (Fed. Cir. 
1985) (emphasis added). 

The Cross case is very similar to the present case. Like in vitro testing in the 
pharmaceutical industry, those of skill in the field of biotechnology rely on the reasonable 
correlation that exists between gene expression and protein expression (see below). Were there 
no reasonable correlation between the two, the techniques that measure gene levels such as 
microarray analysis, differential display, and quantitative PCR would not be so widely used by 
those in the art. As in Cross, Applicants here do not argue that there is "an invariable exact 
correlation" between gene expression and protein expression. Instead, Applicants' position 
detailed below is that a measured change in gene expression in cancer cells establishes a 
"significant probability" that the expression of the encoded polypeptide in cancer will also be 
changed based on "a reasonable correlation therebetween." 

Taken together, the legal standard for demonstrating utility is a relatively low hurdle. An 
Applicant need only provide evidence such that it is more likely than not that a person of skill 
in the art would be convinced, to a reasonable probability, that the asserted utility is true. 
The evidence need not be direct evidence, so long as there is a reasonable correlation between the 
evidence and the asserted utility. The Applicant does not need to provide evidence such that it 
establishes an asserted utility as a matter of statistical certainty. 

Even assuming that the PTO has met its initial burden to offer evidence that one of 
ordinary skill in the art would reasonably doubt the truth of the asserted utility, Applicants assert 
that they have met their burden of providing rebuttal evidence such that it is more likely than not 
those skilled in the art, to a reasonable probability, would believe that the claimed invention is 
useful as a diagnostic tool for cancer. 

Substantial Utility 

Summarv of Applicants ' Arguments and the PTO 's Response 

In an attempt to clarify Applicants' argument, Applicants offer a summary of their 
argument and the disputed issues involved. Applicants assert that the claimed antibodies have 
utility as diagnostic tools for cancer, particularly kidney tumor. Applicants are not asserting that 
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the claimed antibodies necessarily provide a definitive diagnosis of cancer, but rather that they 
are useful, alone or in combination with other diagnostic tools to assist in the diagnosis of certain 
cancers. Applicants' asserted utility rests on the following argument: 

1. Applicants have provided reliable evidence that mRNA for the PRO1069 polypeptide 
is more highly expressed in nomial kidney compared to kidney tumor; 

2. Applicants assert that it is well-established in the art that a change in the level of 
mRNA for a particular protein, e.g. a decrease, generally leads to a corresponding change in the 
level of the encoded protein, e.g. a decrease; 

3. Given Applicants' evidence that the level of mRNA for the PRO1069 polypeptide is 
decreased in kidney tumor compared to normal kidney tissue, it is likely that the PRO1069 
polypeptide is differentially expressed in kidney tumors. Therefore antibodies which bind to 
PRO 1069 are useful as a diagnostic tool to distinguish tumor from normal tissue. 

Applicants understand the PTO to be making several arguments in response to 
Applicants' asserted utility: 

1. The PTO asserts that mRNA over-expression does not correlate with protein over- 
expression; 

2. The PTO argues that the Omtoft, Hyman and Pollack references submitted with the 
previous Amendment and Response to Office Action relate to gene amplification and do not 
estabUsh that it is the norm rather than the exception that protein levels necessarily parallel gene 
expression in cancer cells. 

As detailed below, Applicants submit that the PTO has failed to meet its initial burden to 
offer evidence "that one of ordinary skill in the art would reasonably doubt the asserted utility." 
In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). First, AppHcants submit 
that given the well-estabUshed correlation between a change in the level of mRNA with a 
corresponding change in the levels of the encoded protein, the PRO 1069 protein is likely 
differentially expressed in certain tumors. This provides utility for the claimed antibodies which 
bind the PRO1069 polypeptide as cancer diagnostic tools. Second, Applicants submit that the 
Omtoft, Hyman and Pollack references show that protein levels increase with increasing copy 
number. Finally, even if the PTO has met its initial burden. Applicants have submitted enough 
rebuttal evidence to estabUsh that it is more likely than not that a person of skill in the art would 
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be convinced, to a reasonable probability, that the asserted utiUty is true. As stated above, 
Applicants' evidence need not be direct evidence, so long as there is a reasonable correlation 
between the evidence and the asserted utility. The standard is not statistical or absolute 
certainty. 

Applicants have established that the Gene Encoding the PRO 1069 Polypeptide is Differentially 
Expressed in Certain Cancers compared to Normal Tissue 

Applicants first address the PTO's argument that the evidence of differential expression 
of the gene encoding the PRO 1069 polypeptide in kidney tumors is insufficient. 

The gene expression data in the specification. Example 18, shows that the mRNA 
associated with protein PRO 1069 was more highly expressed in normal kidney tissue compared 
to kidney tumor. Gene expression was analyzed using standard semi-quantitative PGR 
amplification reactions of cDNA libraries isolated fi-om different human tumor and normal 
hiunan tissue samples. Because cDNA libraries are prepared by isolating mRNA fi-om a 
particular tissue and converting it to the corresponding cDNA, the expression data in Example 18 
reflect levels of mRNA in the tested tissue types. Identification of the differential expression of 
the PRO 1069 polypeptide-encoding gene in tumor tissue compared to the corresponding normal 
tissue renders antibodies which bind to the polypeptide usefiil as a diagnostic tool for the 
determination of the presence or absence of tumor, hi support. Applicants previously submitted 
as Exhibit 1 a first Declaration of J. Ghristopher Grimaldi, an expert in the field of cancer 
biology. This declaration explains the importance of the data in Example 18, and how 
differential gene and protein expression studies are used to differentiate between normal and 
tumor tissue (see Declaration, paragraph 7). 

In paragraph 5 of his declaration, Mr. Grimaldi states that the gene expression studies 

reported in Example 18 of the instant application were made fi-om pooled samples of normal and 

of tumor tissues. Mr. Grimaldi explains that: 

The DNA libraries used in the gene expression studies were made firom pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely 
to be accurate than data obtained from a sample from a single individual That 
is, the detection of variations in gene expression is likely to represent a more 
generally relevant condition when pooled samples fi-om normal tissues are 
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compared with pooled samples from tumors in the same tissue type. 
(Paragraph 5) (emphasis added). 

In paragraphs 6 and 7, Mr. Grimaldi explains that the semi-quantitative analysis 
employed to generate the data of Example 18 is sufficient to determine if a gene is over- or 
under-expressed in tumor cells compared to corresponding normal tissue. He states that any 
visually detectable difference seen between two samples is indicative of at least a two-fold 
difference in cDNA between the tumor tissue and the counterpart normal tissue. Thus, the 
results of Example 18 reflect at least a two-fold difference between normal and tumor samples. 
He also states that the results of the gene expression studies indicate that the genes of interest 
"can be used to differentiate tumor from normal," thus establishing their reliability. He explains 
that, contrary to the PTO's assertions, "The precise levels of gene expression are irrelevant; what 
matters is that there is a relative difference in expression between normal tissue and tumor 
tissue." (Paragraph 7). Thus, since it is the relative level of expression between normal tissue 
and suspected cancerous tissue that is important, the precise level of expression in normal tissue 
is irrelevant. Likewise, there is no need for quantitative data to compare the level of expression 
■in normal and timior tissue. As Mr, Grimaldi states, "If a difference is detected, this indicates 
that the gene and its corresponding polypeptide and antibodies against the polypeptide are useful 
for diagnostic purposes, to screen samples to differentiate between normal and tumor." 

Applicants submit that Mr. Grimaldi is an expert in the field and conducted or supervised 
the experiments at issue. Applicants remind the PTO that "[o]ffice personnel must accept an 
opinion from a qualified expert that is based upon relevant facts whose accuracy is not being 
questioned." PTO Utility Examination Guidelines (2001) (emphasis added). In addition, 
declarations relating to issues of fact should not be summarily dismissed as "opinions" without 
an adequate explanation of how the declaration fails to rebut the Examiner's position. In re Alton 
76 F.3d 1168 (Fed. Cir. 1996). 

In conclusion. Applicants submit that the evidence reported in Example 18, combined 
with the first Grimaldi Declaration, establish that there is at least a two-fold difference in 
PRO 1069 cDNA between kidney tumor and the normal kidney tissue. The PTO has not offered 
any significant arguments or evidence to the contrary. As AppUcants explain below, it is more 
hkely than not that the PRO1069 polypeptide is also differentially expressed in kidney tumor. 
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and can therefore be used to distinguish kidney tumor from normal kidney tissue. This provides 
utility for the claimed antibodies. 

Applicants have established that the Accepted Understanding in the Art is that there is a Direct 
Correlation between mRNA Levels and the Level of Expression of the Encoded Protein 

Applicants next tum to the second portion of their argument in support of their asserted 
utility - that it is well-established in the art that a change in the level of mRNA for a particular 
protein, generally leads to a corresponding change in the level of the encoded protein; given 
Applicants' evidence of differential expression of the mRNA for the PRO 1069 polypeptide in 
kidney tumor, it is more likely than not that the PRO1069 polypeptide is differentially expressed; 
and antibodies which bind to proteins which are differentially expressed in certain tumors have 
utility as diagnostic tools. 

hi support of the assertion that changes in mRNA are positively correlated to changes in 
protein levels, Applicants previously submitted a copy of a second Declaration by J. Christopher 
Grimaldi, an expert in the field of cancer biology (previously attached as Exhibit 2). As stated in 
paragraph 5 of the declaration, "Those who work in this field are well aware that in the vast 
majority of cases, when a gene is over-expressed... the gene product or polypeptide will also be 
over-expressed.... This same principal applies to gene under-expression." Further, "the 
detection of increased mRNA expression is expected to result in increased polypeptide 
expression, and the detection of decreased mRNA expression is expected to result in decreased 
polypeptide expression. The detection of increased or decreased polypeptide expression can be 
used for cancer diagnosis and treatment." The references cited in the declaration and submitted 
herewith support this statement. 

Applicants also previously submitted a copy of the declaration of Paul Polakis, Ph.D. 

(previously attached as Exhibit 3), an expert in the field of cancer biology. As stated in 

paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases] and my knowledge of the relevant scientific literature, it is my 
considered scientific opinion that for human genes, an increased level of mRNA 
in a tumor cell relative to a normal cell typically correlates to a similar increase in 
abundance of the encoded protein in the tumor cell relative to the normal cell. In 
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fact, it remains a central dogma in molecular biology that increased mRNA levels 
are predictive of corresponding increased levels of the encoded protein, 
(Emphasis added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion, based on over 20 years of scientific research, that "such reports 
are exceptions to the commonly xmderstood general rule that increased mRNA levels are 
predictive of corresponding increased levels of the encoded protein." (Polakis Declaration, 
paragraph 6). 

Applicants submit that Mr. Grimaldi and Dr. Polakis are experts in the field and 
conducted or supervised the experiments at issue. Applicants remind the PTO that "[o]ffice 
personnel must accept an opinion firom a qualified expert that is based upon relevant facts whose 
accuracy is not being questioned." PTO Utility Examination Guidelines (2001) (emphasis 
added). In addition, declarations relating to issues of fact should not be summarily dismissed as 
"opinions" without an adequate explanation of how the declaration fails to rebut the Examiner's 
position. In re Alton 76 F.3d 1168 (Fed. Cir. 1996). 

The statements of Grimaldi and Polakis are supported by the teachings in Molecular 
Biology of the Cell, a leading textbook in the field (Bruce Alberts, et al. Molecular Biology of 
the Cell (3"^ ed. 1994) (submitted herewith as Exhibit 1) and (4* ed. 2002) (submitted herewith 
as Exhibit 2)). Figxire 9-2 of Exhibit 1 shows the steps at which eukaryotic gene expression can 
be controlled. The first step depicted is transcriptional control. Exhibit 1 provides that "[f]or 
most genes transcriptional controls are paramount. This makes sense because, of all the possible 
control points illustrated in Figure 9-2, only transcriptional control ensures that no superfluous 
intermediates are synthesized." Exhibit 1 at 403 (emphasis added). In addition, the text states 
that "Although controls on the initiation of gene transcription are the predominant form of 
regulation for most genes , other controls can act later in the pathway fi-om RNA to protein to 
modulate the amount of gene product that is made." Exhibit 1 at 453 (emphasis added). Thus, as 
estabhshed in Exhibit 1, the predominant mechanism for regulating the amount of protein 
produced is by regulating transcription initiation. 

In Exhibit 2, Figure 6-3 on page 302 illustrates the basic principle that there is a 
correlation between increased gene expression and increased protein expression. The 
accompanying text states that "a cell can change (or regulate) the expression of each of its genes 
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according to the needs of the moment - most obviously by controlling the production of its 
mRNAr Exhibit 2 at 302 (emphasis added). Similarly, Figure 6-90 on page 364 of Exhibit 2 
illustrates the path from gene to protein. The accompanying text states that while potentially 
each step can be regulated by the cell, " the initiation of transcription is the most common point 
for a cell to regulate the expression of each of its genes ." Exhibit 2 at 364 (emphasis added). 
This point is repeated on page 379, where the authors state that of all the possible points for 
regulating protein expression, " [f)or most penes transcriptional controls are paramount ." Exhibit 
2 at 379 (emphasis added). 

Further support for Applicants' position can be foimd in the textbook, Genes VI, 
(Benjamin Lewin, Genes VI (1997)) (submitted herewith as Exhibit 3) which states "having 
acknowledged that control of gene expression can occur at multiple stages, and that production of 
RNA cannot inevitably be equated with production of protein, it is clear that the overwhelming 
maioritv of regulatory events occur at the initiation of transcription ." Genes VI at 847-848 
(emphasis added). 

Additional support is also found in Zhigang et aly World Journal of Surgical Oncology 
'2:13, 2004, submitted herewith as Exhibit 4. Zhigang studied the expression of prostate stem 
cell antigen (PSCA) protein and mRNA to validate it as a potential molecular target for diagnosis 
and treatment of human prostate cancer. The data showed "a high degree of correlation between 
PSCA protein and mRNA expression" Exhibit 4 at 6. Of the samples tested, 81 out of 87 
showed a high degree of correlation between mRNA expression and protein expression. The 
authors conclude that "it is demonstrated that PSCA protein and mRNA overexpressed in himian 
prostate cancer, and that the increased protein level of PSCA was resulted from the upregulated 
transcription of its mRNA." Exhibit 4 at 11. Even though the correlation between mRNA 
expression and protein expression occurred in 93% of the samples tested, not 100%, the authors 
state that "PSCA may be a promising molecular marker for the clinical prognosis of human Pea 
and a valuable target for diagnosis and therapy of this tumor." Id. 

Further, Meric et al. Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), submitted 
herewith as Exhibit 5, states the following: 

The fundamental principle of molecular therapeutics in cancer is to exploit the 
differences in gene expression between cancer cells and normal cells... [M]ost 
efforts have concentrated on identifying differences in gene expression at the level 
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of mRNA, which can be attributable to either DNA amplification or to differences 
in transcription. Meric et al. at 971 (emphasis added). 

Those of skill in the art would not be focusing on differences in gene expression between cancer 
cells and normal cells if there were no correlation between gene expression and protein 
expression. 

Together, the declarations of Grimaldi and Polakis, the accompanying references, and the 
excerpts and references provided above all establish that the accepted understanding in the art is 
that there is a reasonable correlation between changes in gene expression and the level of the 
encoded protein. 

With respect to the Gokman-Polar reference cited by the Examiner, the PTO relies on a 
statement from Gokman-Polar that "PKC mRNA levels do not directly correlate with PKC 
protein levels." Office Action at 4. However, a close review of the entire article indicates that 
with one exception, the trend in the data is that mRNA and protein levels are positively 
correlated, supporting Applicants assertion that increased mRNA levels correlate with increased 
protein levels. In Figure 2, the protein level of two isozymes shows a decrease, while the third is 
•increased. This same pattern is seen for the corresponding mRNA levels in Figure 6, although 
admittedly the increase in mRNA for the third isozyme is minimal. Similarly, comparing the 
protein levels of the three isozymes in Figure 4 to the corresponding mRNA levels in Figure 7, 
with one exception the mRNA levels are positively correlated to protein levels. While protein 
levels do not increase or decrease in direct proportion to the changes in mRNA, the trend in five 
of the six examples is that protein levels are positively correlated to mRNA levels. This 
evidence is hardly sufficient to establish that one of skill in the art would reasonably doubt that 
there is a reasonable correlation between mRNA levels and protein levels. 

The Examiner asserts that the Omtoft, Hyman and Pollack references provided with the 
previous Amendment and Response to Office Action relate to gene amplification and do not 
establish that it is the norm rather than the exception that protein levels necessarily parallel gene 
expression in cancer cells. Applicants note that Omtoft did look at mRNA and protein levels for 
individual genes located within amplified or deleted chromosomal regions and found that of the 
40 proteins analyzed only one showed disagreement between transcript alteration and protein 
alteration (Omtoft, page 42). Hyman looked at the correlation between gene copy number and 
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mRNA levels and did not look at polypeptide levels. However, Hyman observed that "the results 
illustrate a considerable influence of copy number on gene expression patterns." The Pollack 
reference also examined the mRNA levels of individual genes within amplified regions, although 
polypeptide levels were not examined. Pollack concluded 'that on average a 2-fold change in 
copy number is associated with a corresponding L5-fold change in mRNA levels." (Pollack, 
abstract). Thus, Applicants maintain that these references support the general rule that increased 
mRNA levels correlate with increased protein levels. 

The Examiner asserts that the Ashkenazi Declaration does not estabUsh the utility of the 
claimed antibodies because there is no indication that PRO 1069 protein levels increase or stay 
the same and that further research would be required to determine PRO 1069 protein levels. 
Applicants respectfully reiterate that regardless of whether protein levels increase or stay the 
same, antibodies against a polypeptide encoded by a nucleic acid differentially expressed in 
kidney tumors are useful for categorizing tumors and assisting the clinician in selecting an 
appropriate therapy. Thus, depending on the amount of polypeptide the clinician detects using 
the claimed antibodies, the clinician can choose whether to utilize therapies that act on the 
polypeptide or whether to utilize alternative approaches. 

The Examiner further argues that the asserted utility is not substantial because the real- 
world use has not been established and that the claimed utility is not specific because there is no 
objective evidence correlating the expression of the PRO 1069 polypeptide with any particular 
disease state. Applicants respectfully maintain that the diagnosis of cancer is a substantial utility. 
In fact the Revised Interim Utility Guidelines promulgated by the PTO recognize that antibodies 
which bind to proteins which are differentially expressed in cancer have utility. (See the caveat 
in Example 12 which state that the utility requirement is satisfied where a protein is expressed in 
melanoma cells but not on normal skin and antibodies against the protein can be used to diagnose 
cancer.) In addition, while Applicants appreciate that actions taken in other applications are not 
binding on the PTO with respect to the present application, Applicants note that the PTO has 
issued several patents claiming antibodies to differentially expressed polypeptides or methods 
employing such antibodies. (See, e.g., U.S. Patent No. 6,156,500 and U.S. Patent No. 6,562,343, 
attached hereto as Exhibits 6 and 7.) Thus, Applicants submit that they have estabUshed the 
utility of the claimed antibodies as a cancer diagnostic tool. 
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In view of the foregoing, Applicants submit it is more likely than not that one of skill in 
the art would recognize the asserted utility of the claimed antibodies as a cancer diagnostic tool. 
The Arsuments made by the PTO are Not Sufficient to satisfy the PTO's Initial Burden of 
Offering Evidence "that one of ordinary skill in the art would reasonably doubt the asserted 
utility" 

As stated above, an Applicants assertion of utility creates a presumption of utility that 

will be sufficient to satisfy the utility requirement of 35 U.S.C. § 101, "unless there is a reason 

for one skilled in the art to question the objective truth of the statement of utility or its scope." In 

re Langer, 503 F.2d 1380, 1391, 183 USPQ 288, 297 (CCPA 1974). The evidentiary standard to 

be used throughout ex parte examination in setting forth a rejection is a preponderance of the 

evidence, or "more likely than not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 

1443^ 1444 (Fed. Cir. 1992). This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a 
whole, it leads a person of ordinary skill in the art to conclude that the asserted 
utility is more likelv than not . M.P.E.P. at § 2107.02, part VII (2004) (underline 
emphasis in original, bold emphasis added, internal citations omitted). 

The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 
would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 
1436 (Fed. Cir. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
evidence. Id, As stated in the M.P.E.P., such rebuttal evidence does not need to absolutelv prove 
that the asserted utilitv is real . Rather, the evidence onlv needs to be reasonablv indicative of the 
asserted utility. 

The PTO has not offered any arguments or cited any references to establish *that one of 
ordinary skill in the art would reasonably doubt" that the disclosed PR) 1069 polypeptide is 
differentially expressed in certain tumors and that antibodies which bind to the PRO 1069 
polypeptide can be used as diagnostic tools. Given the lack of support for the PTO's position, 
AppUcants submit that the PTO has not met its initial burden of overcoming the presumption that 
the asserted utility is sufficient to satisfy the utility requirement. And even if the PTO has met 
that burden, the Applicants' supporting rebuttal evidence is sufficient to establish that one of skill 
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in the art would be more likely than not to believe that the claimed antibodies can be used as 
diagnostic tools for cancer, particularly kidney cancer. 

Specific Utility 

The Asserted Substantial Utilities are Specific to the Claimed Antibodies 

Specific Utility is defined as utility which is "specific to the subject matter claimed/' in 
contrast to "a general utility that would be applicable to the broad class of the invention." 
M.P.E.P. § 2107.01 I. Applicants submit that the evidence of differential expression of the 
PRO 1079 gene and polypeptide in certain types of tumor cells, along with the declarations and 
references discussed above, provide a specific utility for the claimed antibodies. 

As discussed above, there are significant data which show that it is more likely than not 
that the gene for the PRO 1069 polypeptide is more highly expressed in normal kidney tissue 
compared to kidney tumor. These data are strong evidence that the PRO 1069 gene and 
polypeptide are associated with kidney tumors. Thus, contrary to the assertions of the PTO, 
Applicants submit that they have provided evidence associating the PRO 1069 gene and 
polypeptide with a specific disease. The asserted utility as a diagnostic tool for cancer, 
particularly kidney tumor, is a specific utility - it is not a general utility that would apply to the 
broad class of antibodies. 

Conclusion 

The PTO has asserted that mRNA over-expression does not correlate with protein over- 
expression and that the Omtofl, Hyman and Pollack references submitted with the previous 
Amendment and Response to Office Action relate to gene amplification and do not establish that 
it is the norm rather than the exception that protein levels necessarily parallel gene expression in 
cancer cells. 

First, the Applicants provided a &st Declaration of Chris Grimaldi stating that the data in 
Example 18 are real and significant. This declaration also indicates that given the relative 
difference in expression levels, the disclosed nucleic acids and corresponding polypeptides have 
utility as cancer diagnostic tools. The PTO has not offered any substantial reason or evidence to 
question the data in Example 18, or the first Grimaldi Declaration. Applicants have shown that 
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the second Grimaldi Declaration and Polakis Declaration, the accompanying references, as well 
as the excerpts and references cited above, demonstrate that it is well-established in the art that a 
change in mRNA levels generally correlates to a corresponding change in the encoded protein 
levels. The PTO has not offered any substantial reason or evidence to question these declarations 
and supporting references. One of skill in the art will recognize that polypeptides differentially 
expressed in certain cancers have utility as diagnostic tools for cancer. 

Apphcants have also shown that the Omtoft, Hyman and Pollack references are consistent 
with the general rule that increased mRNA levels correlate with increased protein levels. Finally, 
Applicants have pointed out that the substantial utilities described above are specific to the 
claimed antibodies because the PRO 1069 polypeptide is differentially expressed in certain cancer 
cells compared to the corresponding normal cells. This is not a general utility that would apply 
to the broad class of antibodies. 

Given the totality of the evidence provided, Applicants submit that they have established 

a substantial, specific, and credible utility for the claimed antibodies as diagnostic tools. 

According to the PTO Utihty Examination Guidelines (2001), irrefutable proof of a claimed 

utility is not required. Rather, a specific, substantial, and credible utility requires only a 

"reasonable" confimiation of a real world context of use. Applicants remind the PTO that: 

A small degree of utility is sufficient . . . The claimed invention must only be 
capable of perfomiing some beneficial function ... An invention does not lack 
utility merely because the particular embodiment disclosed in the patent lacks 
perfection or performs crudely ... A commercially successful product is not 
required . . . Nor is it essential that the invention accomplish all its intended 
functions ... or operate under all conditions . . . partial success being sufficient to 
demonstrate patentable utility ... In short, the defense of non-utility cannot be 
sustained without proof of total incapacity. If an invention is only partially 
successful in achieving a useful result, a rejection of the claimed invention as a 
whole based on a lack of utility is not appropriate. M.P.E.P. at 2107.01 (underline 
emphasis in original, bold emphasis added, citations omitted). 

Applicants submit that they have established that it is more likely than not that one of 
skill in the art would reasonably accept the utility for the claimed antibodies which bind to the 
PRO 1069 polypeptide. In view of the above, Applicants respectfully request that the PTO 
reconsider and withdraw the utility rejection under 35 U.S.C. §101. 
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Rejections Under 35 U.S.C. §112, First Paragraph 

The Examiner rejected Claims 1-5 on the assertion that because the claimed invention 
lacks utility, one skilled in the art would not know how to make and use the claimed invention. 
Applicants maintain that for the reasons provided above, the claimed antibodies possess utility. 

The Examiner also rejected Claims 1-5 on the assertion that they encompass subject 
matter which was not described in the specification in such a way as to enable one skilled in the 
art to make and use the claimed invention. In particular, the Examiner asserts that a skilled 
artisan would not conclude that mRNA levels are necessarily correlated with protein expression. 

The Examiner cites Fu as teaching that p53 protein levels do not correlate well with 
levels of p53 mRNA levels, Powell as teaching that mRNA levels for cytochrome P450 did not 
correlate with protein levels, Vallejo as teaching no correlation between NRF-2 mRNA and 
protein levels, Lewin as teaching that there is no correlation between mRNA and protein levels, 
and Jang as teaching that further studies are necessary to determine if changes in protein levels 
track changes in mRNA levels for metastasis associated genes. On the basis of these references, 
the Examiner asserts that one skilled in the art would not accept that there is necessarily a 
correlation between mRNA levels and protein levels. 

While these references may provide actual examples of post-transcriptional regulation of 
protein levels, they are not inconsistent with AppUcants* position discussed above that mRNA 
levels correlate, more often than not , with protein levels. Applicants do not assert that post- 
transcriptional regulation never occurs, and fiirthermore need not establish that a correlation 
between mRNA and protein levels always exists. 

Applicants respectfully submit that the great weight of the evidence supports the utility 
and enablement of the claimed antibodies. Applicants have provided numerous examples 
demonstrating a general understanding in the art that protein levels are regulated primarily by 
regulating mRNA levels in the large majority of cases, including the statements in Alberts, a 
leading textbook in the field of Molecular Biology, and the declarations of Dr. Polakis and Dr. 
Grimaldi, both experts in the field of Cancer Biology with numerous years of experience. Of 
particular significance is the fact that these references have identified the general understanding 
in the field, as opposed to isolated examples. In addition, the experiments testified to by Dr. 
Polakis show a correlation between mRNA and protein levels for a large number of different 
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genes. These references are in addition to the numerous examples of particular genes shown by 
Applicants, including those in Example 18 of the specification, and in Zhigang and Meric. 
Applicants respectfully submit that the totality of the above-cited evidence clearly establishes 
that those of skill in the art would believe that mRNA levels more likely than not correlate with 
protein levels. 

The Examiner*s citation of Vallejo, Powell, Jang and Fu as examples of particular genes 
for which the levels of mRNA do not correlate with the level of the corresponding proteins does 
not rebut this evidence, but rather provides examples of post-transcriptional modification, the 
existence of which is acknowledged by Applicants. Applicants note that the passage fi-om Lewin 
cited by the Examiner supports Applicants' position that in general mRNA levels correlate with 
protein levels. In particular, the cited passage provides that "having acknowledged that control 
of gene expression can occur at multiple stages, and that production of RNA cannot inevitably be 
equated with production of protein, it is clear that the overwhelming maioritv of regulatorv 
events occur at the initiation of transcription ." In Ught of the fact that AppUcants need not show 
a necessary correlation between mRNA and protein levels. Applicants respectfiiUy submit that 
they have rebutted any prima facie case of non-utility and non-enablement the Examiner may 
have established. In fact, the "more likely than not" standard would effectively be an "absolute 
certainty" standard if the Examiner's few instances of post-transcriptional regulation were foimd 
to estabhsh the non-existence of a general correlation between mRNA and protein levels in light 
of the totality of evidence produced above by Applicants. Accordingly, Applicants request 
withdrawal of the rejection of the pending claims under 35 U.S.C. §112. 
Rejections Under 35 U.S.C. §103 

Claims 1-5 were rejected as being obvious over Lai (WO 00/00610) in view of Queen 
(U.S. Patent No. 5,530,101). In particular, the Examiner has maintained the rejection in the 
previous Office Action asserting that Lai discloses the polypeptide of SEQ ID NO: 50 and that 
Queen discloses hvunanized antibodies. 

Applicants maintain that Lai does not constitute prior art with respect to the present 
application. Applicants first disclosed SEQ ID NO: 50 in U.S. Provisional Application Serial 
No. 60/088740, filed June 10, 1998. In contrast, Lai's first provisional appUcation relating to 
SEQ ED NO: 50, U.S. Provisional Application Serial No. 60/090,762, was filed June 26, 1998 
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(after Applicants' first application disclosing this sequence). Lai's provisional application did 
not contain any data correlating SEQ ID NO: 50 any particular disease or physiological fiinction. 
WO 00/00610 discloses the sequence of SEQ JD NO: 50 and provides tissue distribution data for 
the corresponding transcript in Table 3, but does not correlate the protein with any particular 
disease by showing differential expression in diseased tissue relative to normal tissue and does 
not provide any other physiological function for the protein. In particular, Applicants maintain 
that the disclosure in Table 3 that the transcript is found in urologic tissue and is present to an 
equivalent degree in cancer, fetal tissue and inflammation (0.333 in each category) does not 
provide an association between the protein and any disease or physiological function. 

Thus, Applicants maintain that they were in possession of so much of the invention as is 
disclosed in U.S. Provisional Patent AppUcation Serial No. 60/090,762 and WO 00/00610 prior 
to the filing dates of each of these applications. 

The well-established "Stempel Doctrine" stands for the proposition that a patent applicant 
can effectively swear back of and remove a cited prior art reference by showing that he or she 
made that portion of the claimed invention that is disclosed in the prior art reference. (In re 
Stempel, 113 USPQ 77 (CCPA 1957)). In other words, a patent applicant need not demonstrate 
that he or she made the entire claimed invention in order to remove a cited prior art reference. 
He or she need only demonstrate prior possession of that portion of his or her claimed invention 
that is disclosed in the prior art reference and nothing more. 

The Stempel Doctrine was extended to cases where a reference disclosed the claimed 
compoimd but failed to disclose a sufficient utiUty for it in In re Moore, 170 USPQ 260 (CCPA 
1971). More specifically, the patent applicant (Moore) claimed a specific chemical compound 
called PFDC. In support of a rejection of the claim under 35 U.S.C. § 102, the Examiner cited a 
reference which disclosed the claimed PFDC compound, but did not disclose a utility for that 
compound. Applicant Moore filed a declaration under 37 C.F.R. § 1.131 demonstrating that he 
had made the PFDC compound before the effective date of the cited prior art reference, even 
though he had not vet established a utility for that compound . The lower comt foxmd the 131 
declaration ineffective to swear back of and remove the cited reference, reasoning that since 
Moore had not established a utility for the PFDC compound prior to the effective date of the 
cited prior art reference, he had not yet completed his "invention". 
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On appeal, however, the CCPA reversed the lower court decision and indicated that the 
131 declaration filed by Moore was sufficient to remove the cited reference. The CCPA relied 
on the established Stempel Doctrine to support its decision, stating: 

An applicant need not be required to show [in a declaration under 37 C.F.R. § 
1.131] any more acts with regard to the subject matter claimed that can be carried 
out by one of ordinary skill in the pertinent art following the description 
contained in the reference....the determination of a practical utility when one is 
not obvious need not have been accompUshed prior to the date of a reference 
unless the reference also teaches how to use the compoimd it describes. (Id. at 
267, emphasis added). 

Thus, In re Moore confirms the Stempel Doctrine, holding that in order to effectively 
remove a cited reference with a declaration under 37 C.F.R. § 1.131, an applicant need only show 
that portion of his or her claimed invention that appears in the cited reference. Moreover, In re 
Moore stands for the proposition that when a cited reference discloses a claimed chemical 
compound either absent a utility or with a utility that is different fi-om the one appearing in the 
claims at issue, a patent applicant can effectively swear back of that reference by simply showing 
prior possession of the claimed chemical compound. In other words, under this scenario, the 
patent applicant need not demonstrate that he or she had discovered a patentable utility for the 
claimed chemical compound prior to the effective date of the prior art reference. 

While these cases discuss the ability to effectively swear back of the cited reference by 
way of a 131 declaration, Applicants submit that the same reasoning applies here, where the 
application claims priority back to a disclosure that predates the cited reference. Because 
Applicants demonstrated, by means of the disclosure in their provisional application filed 
Jxme 10, 1998, that they were in possession of so much of the claimed invention as is disclosed in 
U.S. Provisional Pateint Application Serial No. 60/090,762 and WO 00/00610 prior to the filing 
dates of these references. Applicants respectfixUy submit that these references are not available 
as prior art. 

Applicants also maintain that the disclosure of humanized antibodies in Queen does not 
render the claimed invention obvious since there is no teaching or suggestion of antibodies which 
bind the polypeptide of SEQ ID NO: 50 in Queen. 
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Accordingly, Applicants respectfully request that the rejection under 35 USC §103 be 
withdrawn. 



The present application is beUeved to be in condition for allowance, and an early action to 
that effect is respectfully solicited. Applicants invite the Examiner to call the undersigned if any 
issues may be resolved through a telephonic conversation. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 



Conclusion 



Respectfully submitted. 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




l5aniel Hart 
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^cts. If these minor cell proteins differ among cells to the same extent as the 
; . jpQic abundant proteins, as is commonly assumed, only a small number of pro- 
(gin diferences (perhaps several hundred) suffice to create very large differences 
cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals ^ 

Most of the specialized cells in a multicellular organism are capable of altering 
lljgir patterns of gene expression in response to extracellular cues. If a liver cell 
j5 exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
pioteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer'present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocordcoids at all. These examples illustrate 
ageneral feature of cell speciaiization--diflferent cell types often respond m dif- 
ferent ways to the same extracellular signal. Underlying tiiis speci^dization are 
features that do not change, which give each cell type its permanently distmc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 



Gene E^qiression Can Be Regulated at Many of ttie Steps 
in the Pathway from DNA to RNA to Protein ^ 

If differences between the various cell types of an organism depend on the par- 
ticular genes' that flie cells express, at v^diat level is the control of gene ea^ression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling whMi and how often a given gene is transcribed (tran- 
scriptionai control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm {RNA transport con- 
trol)» (4) selecting wiiich mRNAs hi the cytoplasm are translated by ribosomes 
(ttnnsiatlonal control), (5) selectwely destabilizing certain mRNA molecules in 
the cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizmg specific protem molecules after they have been 
made (protein activity control) (Figure 9-^2). 

For most genes transcriptional controls are paramount. This makes sense 
DBcause, of all the possible control pomts illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In Ae 
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Figure 9-2 Six steps at which 
eucaryote gene expression can be 
cohtroUed. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible' 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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Mowing sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 



regulate 
by a cor 
gxpefim 



Summary 

The gemome of a cell contains in Us DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only d 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, ceUs can change the pattern 
of genes &£ey express in response to charges in their environment, such as si^^lsfrom 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ^ 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site wjiere transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 
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Geiie Regulatory Proteins Were Discovered Using 
Bacteria] Genetics ^ 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent firom the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in pro/eins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was di£Bcult and time-consuming to isolate them. 
They were eventually purified by fi:actionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure 9-3 Double-helical structm^ 
of DNA. The major and minor grooves 
on the outside of the double helix, are 
indicated. The atoms are colored as 
follows: carbon, dark blue;mtxog^ 
Ught blue; hydrogen, whit^oxfll^ 
red; phosphorus, yellow. 
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Figure 9-71 A inechanlwm to explain 
both the marked deficiency of CG 
sequences and tlie presence of CG 
islands in vertebrate genomes. A 

black linemaiks the location of an 
unmethylated CG dinudeotide in the 
DNA sequence, wliile a red line marks 
the location of a me^ylated CG 
dinudeotide. 



- CO island 



Sununary 

the many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since manyspe- 
daUzed animal cells can maintain their unique character when grown in culture, the 
gene reguiatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endounng the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
s^tems in which to study gene regulatory mechanisms, some of which may be rel- 
mnt to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create afUp-flop 
smtch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which eruiblegene regulatory proteins to 
[perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is gerteralfy controlled by combiruitioris of gene 
f^^haory proteins. It is thought that each type of cell in a h^tier eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inhaited states of diromatin 
condensation are also utilized by eucaryotic cells to regulate gene expressioru In ver- 
tebrates DNA methylatipn also plays a part, mainly as a device to reinforce decisions 
^ur gme expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
fonn of regulation for most genes, other controls can act later in the pathway 
from RNA to protehi to modulate the anaount of gene product that is made. Al- 
uiough these posttranscriptionai controls, wliich operate after RNA polymerase 
m bound to the gene's promoter and begun RNA synthesis, are less common 
^^transcriptional control, fox many genes they are crucial. It seems tiiat every 
step in gene expression that coiiId.be controlled in principle is likely to be regu- 
«ted under some circumstances for some genes. 

We consider the varieties of posttranscriptionai regulation in temporal or- 
er, accordir^ to the sequence of events that might be experienced by an RNA 
"aoiecule after its transcription has begun (Figure 9-72). 
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Figure 9-72 Possible post- 
transcriptionai controls on gene 
ejqiression. Only a few of these 
controls are likely to be used for any 
one gene. 
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FROM DNATO RNA 

Itanscription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary But each gene can also be transcribed and 
translated with a different effidencyi allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the e3cpression of each of Its 
genes according to the needs of tiie moment— most obviously by controlling 
the production of its RNA. 



Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A is 
transcribed and translated mucli more 
efficiently than gene B.This ajtows the 
amount of protein A in the cell to be 
much greater than that of protein B. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The information In RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds figure 6-4). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides — ^that is, they contain the sugar ribose Chence the name ribonu- 
cleic acid) rather than deo;cyribose; (2) althoughi like DNA, RNA contains the 
bases adenine (A)> guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally 

Despite these small chemical differences, DNA and RNA differ qudte dra- 
matically in overall structure. Whereas DNA alwa^ occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein [Figure 6-6) . As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6*^9 Protein aggregates that cause human disease. (A) Schematic illustntion of the t/pe of 
conformationat change In a protein that produces material for a cross-beta filamenL (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that Is central to prion diseases. PrP is highl/ unusual 
because the misfoided version of the protein* called PrP*. Induces the nbrmal PrP protein it contacts* to 
change its confbrniation, as shown. Most of the human diseases caused b/ protein aggregation are caused by 
the overproduction of a variant protein that is especlall/ prone to ag^r^tion. but because this structure ts 
not infectious In this it cannot spread from one animal to another. (C) Drawing of a cross-beta filament, 
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases. 
Because the liydrogen-bond interactions in a P sheet form between pd/peptide baddwne atoms (see Figure 
3-9). a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, shovn'ng the likely change of two CXrhelices into four 
^sQ^ds. Although the structure of the nornwl protein has been determined accurately, the structure of the 
infectious form Is not yet icnown with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of ixuise Serpeli, adapted from M. Sunde et al.,J.AfdL Bhl 273:729-739. 
1 997; D, adapted from S.EL Pruslner, Tnnds Brochem. Sd. 21:482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as i/vitnessed most recently by the spread of BSE (commonly lefened 
to as the "mad cow disease") from catde to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormd fonn. Although very few proteins have the potential to misfold 
into an infectious conformation^ a similar transformation has been discovered 
to be ihe cause of an otherwise mysterious 'protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so for in this chapter that many different types of chemical reac- 
tions are lequiied to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which eadi of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotlc cell. The final 
tevel of each protein in a eucar/otic cell 
depends upon the efficiency of each step 
depicted. 
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ure 6-90) could be regulated by the cell for each individual proteiiL However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being e3q)ressed is to 
block the very first-step— the transaription of its DNA sequence into an RNA 
molecule. 



Summary 

ThB translation of the nucleotide sequence of an mBNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly coiled a rlbosome. The 
amino adds used for protein synthesis are first attached to a family of tENA 
molecules, each of which recognizes, by complementary hase-palr interactions, par- 
ticularsetsofthreenucleotides in themRNA(codons). Ihesequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small rihosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the eUnmation 
phase of protein synthesis. During this phase, aminoacyl tRNAs—each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anHcodon, Each amino add is added to the 
C-terminal end of the growing pofypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryottc gene expression can be 
controlled. Controls that operate at 
steps \ through S are discussed ip this 
chapter. Step 6, the regulation of protein 
actWIty. Includes reversible activation or 
inactivation by protein phosphorylation 
(discussed in Chapter 3) as well as 
irreversible inactivation by proteolytic 
d^radation (discussed In Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
In the Pathway from DNA to RNA to Protein 

If dififerences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading ftom DNA to protein, and all of them can in principle be regulated Thus 
a cell can control the proteins it makes by (1) controlling vrhen and how often a 
given gene is transcribed (traiiscriptional control], (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosoraes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

Summary 

The genome ofa ceU contains in its Dm sequence the infomutUon to make many 
thousands of deferent protein and ENA moiectdes. A cett typically express^ onfy a 
fraction of its ^nes, and the different types of cells in multiceUular organisms arise 
because different sets of genes are expressed Moreover, ceUs can change the pattern 
of genes they express in response to changes in their environment such as signals 
from other cells. Akhou^ aU of the steps involved in esqtressinga gene can in prin- 
ciple he r^u!ated,for most genes me initiation of RNA ttnnscription is the most 
. important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
dolled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
oy a single signal. Many others are complex and act as tiny microprocessors, 
req)onding to a variety of signals that they interpret and integrate to switch the 
Jieighboring gene on or off. Whether complex or simple, these switching devices 
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occur in the germ line, the cell linedge that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired. However promoters oif genes that remain active 
in the germ cell lineages ' (including most housekeeping genes) are kept 
unmeth^ated, and therefore spontaneous deaminations of Cs that occiir with- 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate ceEs as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to he transcribed in different cetts. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene riegidatory mechanisms 
Involved in creating them must be stable once established and heritable when ^e 
cell divides. These features endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits thesynthesis of the 
other, this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory Negative feedback loops with programmed delays form the 
basis far cellular dodcs. 

In eucaryotes ffce Conscription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thou^t that each type of cell in a higher eucaryotic 
organism contams a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type ofcdL A ^ven gene regu- 
latory protein may be active in a variety of circumstance and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic osiUs to relate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA ntetkykaion also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tialfy by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whedier U was inherited fivm the mother or ^father. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controUed. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, v\iiich operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional &>ntroh for 
many genes they are crucial. 
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Figure 7-46 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and thdr clustering 
into CG biands In .vertebrate 
genomes. A biack ffne marks the location 
of a CG dinudeotlde In the DNA 
sequence, while a ned'iolttpop" indicates 
the presence of a methyl group on the 
CG dinucteotide. CG sequences that lie In 
regulatory sequences of genes that are 
transcribed In germ cells are unmethylated 
and therefore tend to be retained in 
evolution. Methylated CG sequences, on 
the opher hand, tend to be lost through 
deamination of 5-methyl C toT. unless the 
CG sequence is critical for survival. 
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CHAPTER 29 
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Regulation of transcription 



rii^ phenotypic diiti^renm lliai ci'i5\iiigLui5h Ihe 
f^rtoiis ktiuls nr <vll5 in a hljrUer vufcaryute are 
furmety due lo' dinrrernres ' in thr vxpnrssion or ' 
^rnes tbol code fnr pmiflns. iliai j5. Klio.se tran- 
«prilxd by RNA po^jnerasf II. In principle, ilie 
f xpresslDii of f hesi* ^eni*.* inj|H>l lie i-e;ulaied al 
any one of sevf ral .slaves. Tlie conrepi of Hie 
Hfvri or conUror implies lUni gene expression 
i5 pot necessarily an aiUoniaiic pi'oc-ess oner il 
bas be^iu li cuuld Ix* re^^ulnted In* a gene- 
5pecinc u^y ai any one »r .several sequential 
sicps. We can (lIMinfiitsli <nt lt*HM) Hve poteib- 
lial coiurol poliils. running ttte series: 

Arlivalinn c»r ^ciu- strni-iunr 
1 

'tnttlaliim cir titnisi-npiinn 
i 

Frocvssiiig Hie liTfiii^Tipj 

tmspon, to cyiciplasin 
i 

TraiiMaliim <ir niHNA 

Tiie eKi.sleiiee cif llir firsl aIi*|i is Inijilird by 
Ihe disn>ver>' Htm ^enes tnAv exisi In either of 
iiro siniviural i-njidilioiis. lit* laiJve Ci> ihe stale 
nf niost af the griionir. {fcnes are ro^itid in 
mi •nrihe* Male ti) the i-ells in uTilili Ihey 
an? exjiresseU (see CUnpuT Tli< citange ot 
strutiure Is distinct taww the act of iranscrip* 
iion, and indicates ti>at ihe gene is nranscrib- 
able." This suggests thai acquisilioa of Ihe 
''active" structure musi be Ihe first ^qi in gene 
evprtssion. 

Transcription of a gene in the aciive stale is 



controlled al the sla^ir of iniUation. that Is. by 
(he titteraction of EINA polymerase with its pni- 
moter. 11iis Is nnw becoming susceptible to 
analysis in (he in vitm s.^'ste.nts <sfe Clinptcr 
2»}. For niosl genes, this U a nia|or coniml 
point: prohabty ii is tlie most cuniiiion level or 
regntallon. 

There is at present wo evidence for control 
at subsequent stages of Ira itscrip Lion In eiikary- 
olic ceils. Tor example.. \ia aiitilemiinalion 
niechafiistns. 

The primary transcript is nibdiTied by capping 
at the 5' end* and usually also by polyadenyia- 
tkn at the 3' end. Introns must lie spliced out 
Truiu the transcripts of interrupted genes. The 
fnalare iV.NA must tie exported ritim tlic nucleus 
to Hie c>tO[)lA.«ni. Regiilaiinn oF gene expression 
hy selifctlon or se<tueiice5 nt the Irvef of nuclear 
ANA niighi invuJt'e any o^* all of ihe^e stages, 
hut the unc fur >vhiciY ^ve have most evidence 
concerns dianges in splicing: some genes are 
expressed hy means uf tdteniaiive spiicing put* 
terns vvho5f ivgulutinn conlrols the type of pro- 
lern pro<Kirt (see Chapter .10). 

Filially, ihe lr<iuslation of nu mKNA In the c>io- 
plasin can he s|)ecincally cuntruiled. Tliere is little 
evidence tor Ihe etnplu)ineiH of lids medianism In 
adull sumaifc cells. bu| it dues occur hi some 
enihmniic siluaiions* as Uescrilied in Chiipier 
-The mechanism is preswneO to involve the UlocU- 
tng of Inliiatlon of Ininslaiioii of some mANAs by 
specific protein factors. 

But having acknowledged Uiai control of gene 
expression can occur at multiple stages, and 
that production of RNA cannot inevitably be 
equated uith production of protein, it Is dear 
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that the ovenvhelming ' majority of regulatojy 
. events occtir al ihe initiation of transcription. 
Regulation uf tissue* specific gene transcription 
ties al the heart of eukaryotic dilTerentiation; 
indeed, we see examples in Chapter as in 
which proteins lliat reflate embo'ontc devel- 
opment prove 10 be transcription factors. A reg- 
ulatory transcription factor serves to pronde 



common control of a large number of tar^i 
gents* and we seek to answer two questions 
about this mode of regulation: wh^t ideiuiries 
the common target genes to the transcription 
factor, and how is the activity of the irnnsoip* 
lion, factor itself regulated in response to imriii- 
sic or extrinsic signals? 



Response elements itlenlify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common Conlrol is tlial 
the}' share a pivmoier elaneni that is rtcogniztd 
by a nj^nlatoo' transaiption factor, \n etemeni 
that causes a gene to respond to such a factor 
IS called a response element: examples are the 
USE (heat sbocli response etcment), GRE 
(glucocorticoul response dementK SRE (scrum 
response element). 

The properties of some Inducible transcription 
factors and the elements that they recognize are 
summarized in. Table 29. L, Kesponse elements 
have the same general characteristics as 
upstream elements of promoters or entiancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif* 
fercnl genes are closely relatedp but not neces- 
sarily identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 Intfjcic^e transcrpi.on laciof s bind ic 
response eluments lhat idcnl.*>- g.xups cJ ftfomclers 
Of cnhuncsre sutjeci So coc;dinatG cor.Uol. 



Reoutaloiy Agent Module Consensus 



Factor 



Hetfthotii 
fnocDOiBsier 



HSE CNNGAANNTCCNNQ HS7F 
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Background: Prostate stem cell antigen (PSCA) is a recently defined homobgue of the Thy-l/Ly-6 family of 
glycosylphosphatidylinositol (GPl)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA In clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH). 20 prostatic intraepithelial neoplasm (PIN) and 48 prosute cancer (Pea) tissues, inciuding 9 androgen- 
independent prostate cancers. The level of PSCA expression was semi quantitatively scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence In Pea. 

Results: In BPH and low grade PIN. PSCA prouin and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression In 8 of 1 1 (72.7%) HGPIN and In 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05. respectively). 
The expression level of PSCA Increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < O.OS, respectively), in addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor ceil differentiation), worsening clinical stage and androgen-independence. and 
speculatively with prosute carcinogenesis. PSCA protein overexpresslon resulu from upregulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China. Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recunent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prosute specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are seaeted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea, 

Reiter RE et al (1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistiy (IHC) and in situ hybridization [ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n » 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n ^ 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recuirent Pea and a history of androgen ablation 
therapy (orchiertomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
ueatment. Each tissue sample was cut into two parts, one 
was fbced in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
\km sections and mounted on the glass slides specific for 
IHC and ISH respeaively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Cleason score by the experienced urological pathologist at 
our institution based on the criteria of Cleason score |2]. 
The Cleason sums are summarized in Table 1. Clinical 
staging was performed according to jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures |3,4]. 

ImmunoMstochemlcal (IHC) analysis 
Briefly, tissue sections were deparafGnized, dehydrated, 
and subjeaed to microwavlng in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1 : 1 00 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3*-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA In situ hybridization (ISH) 

Five-nm-thick tissue sections were deparaffmized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% duric acid) for 20 min at 37,5 "C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and aniisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48 "C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37 "C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 k SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody ai 
37. 5 *C fori h followed by washing in 1 »« PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5 °C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 



Page 2 of 7 

ipage number not for citation purposes) 



World Journal of Surgical Onoology 2004. 2 




http://www.wjso.eom/contenU2/1/1 3 


Table 1: Correlation of PSCA expression with Gleason score 






Intensliy ^ irequenqr 


Gleason score 


0-6 (X) 


9(%) 


2-4 
5-7 


5(83) 
19(79) 
5(28) 


1(17) 
5(21) 
13(72) 




Table 2: Correlation of PSCA expression with clinical stage 


Intensity x frequency 


Tumor sta^e 


0-6 (%) 


9{%) 




27 (67.S) 

2(25) 


13(32.5) 
6(75) 





terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scor/ng methods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
cndy experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance, 'niere was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3-t- with 3 being the 
highest expression observed (0, no staining; mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 » positive staining 
in 25%-50% of the sample; 3 » positive staining in >50<M> 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5]. In this way, we were able to differentiate specimens 
that may have had focal areas of inaeased staining from 
those that had diffuse areas of increased staining [6]. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statisticol analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-tesi. Univariate associations 
between PSCA expression and Cteason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 1 1 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 1 1 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were deteaed in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression In Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands. 
Forty-eight paraffin*embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 1 9 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respeaively). The 
result demonstrates that PSCA protein and mRNA are 
overexpresscd by a majority of human Pea. 

Correlation of PSCA expression witit Gleason score in Pea 

Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores « well-differentia- 
lion, 5-7 scores = moderate-differentiation and 8-10 
scores = poor-differentiation (7). Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent* with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that' PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with an<lrogen'> 
independent proffression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident firom the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 

pendence. 

Correlation of PSCA immunostaining and mRNA in $itu 
liybridizatlon 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Imponantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunosuining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure t 

Representatives of PSCA IHC and ISH suiniag in Pea (A. IHC staining^ B. ISH staining. J<200 magnification). A,, B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization v/ith a sense PSCA probe (B,) showed no back- 
ground staining. Aj, Bj: a moderately differentiated Pea (Gleason score = 3+3 = 6) v/ith moderate staining (composite score = 
6) In all malignant cells; Aj: IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. Aj, Bj: a 
poorly differentiated Pea (Gleason score — 4+4 — 8) with very strong staining (composite score — 9) in all malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-spedfic in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independem Pea xenografts 
([APC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
arc widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
eial [1], using ISH analysis, reported that 97 of 1 18 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P et al (S). These data suggest that PSCA may be a new 
maricer associated with transformation of prostate cells 
and tumorigenesis. 

We observed diat PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confoeal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9). Our IHC expression analysis of PSCA shows 
not only cell sur&ce but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos* 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5]. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendcnce of Pea. These findings support the original IHC 
analyses by Gu Z et al [9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
1 10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
111] used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PGR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases wi^ positive PSCA PGR indicated lower disease-pro- 
grcssion-frce survival than those with negative PSCA PGR, 
demonstrating that PSCA can be used as a prognostic fee- 
tor. Dubey P et al |12] reported that elevated numbers of 
PSCA + cells correlate positively with the onset and deveU 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/' models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
inaeased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predia the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 |1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al |18| reported that PSCA and MYC gene copy num- 
bers were eo-amplifled in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplifieation in Pea. Gu Z 
et al |9) recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunosiaintng with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expies- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18]. WatabeTet al [19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induaion of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) (20]. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21]. Thy-1 is involved in T cell activation and transducts 
signals trough src-Iike tyrosine kinases [22]. Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion [23-25], Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restriaed expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis} and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affeaing cell transfonnation and 
proliferation. From our resulu, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positivc pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which maybe associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation}, advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
up regulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

Ttanslailon Inftlathm is regulated In response to 
mitrtent ^IlalinHy and mftogmio stimulation and Is 
coupled wHK ceD cycio progres^n and ceB gmwth. 
Seveitf aRsrations bi translatlonal eonln>i occur In 
cancer. Variant m RNA sequences can after the 
transitional efficiency of Indtvkhiti mRNA molecules. 
wMch bi turn play a role In cancer biolcgy. Changes in 
the exprss^on or avaOabUfty of ccMnponents of the 
transfathmal ma^ifaiefy and in the activation of 
translation through signsd transducfion pathmys can 
toad to more global changes, such as an Increase in 
the overdo rats of protein ^nthesls and transiationsri 
acflvatkm of the mRNA molecules Involved in cell 
growth and prolHtartlon. We review the basic 
principles of translatlonal control, the altefatlons 
encoimtersd In panco*, and selected therai^ 
targeting translation Initiation to help elucidate new 
theiapeutic aveiiues. 

Introduction 

The hindaiD^ital principle of molecular therofseutics In can- 
cer Is to exploit the diRerenoes In gene expression between 
cancer cells and nonnsd celte. With the advent of cDNAanay 
technology, most eflbrts have concentrated on fdentffying 
cWferences In gene expression at the level of mRNA. which 
can be attributable either to DMA ampUficatlon or to differ- 
ences In transcription. Gene expression is quite complicated, 
however, and Is also regulated at the level of mRIMstabBHy, 
mRNA translation, and protein stat^llity* 

The power of tianslational regulation has been best recog- 
nized among developmenlal iridoglsts, because transcription 
does iK>t occur In early einbryogene* In eulcaryotes. Fiy ex- 
ample In XenopuG, the period of transcriptional quiescence 
continues unS the embryo reaches mldtrfastula traisWon, the 
4000-cell slaga Thensfbre, all necessaiy mRNA molecules 
tmnscribdd during oogenesis and stod^iiled In a tnanslaOonally 
Inactive, maslced fbmn. The mRNA are translationaily activated 
at appropriate times during oocyte maturatlbn, IMUlzatfm^ 



eeriy embryogenesia and thus, are under strict translatlonal 
oontiDi* 

Translation has an established role In cell growth. Ba^* 
calty, an Increase hi protein synthesis occurs as a conse- 
quence of nmogenesls. Until recently, however, ilttte was 
known about the alteratfons In mRNA translation m cancer, 
afid much le yet to be dlscov^ about th^ role in the 
development and progression of cancer. Hero we review the 
basic principles of translational control, the alterations 
countered in cancer, and seiected therapies targeting transfai- 
tion inttiaflcKn to elucidate potential new ttierapeulio 

Ba^o Prindplea of Translational Control 

Mechanism of Transladon inftlotkM 

IVansiaOon Inttiation is the rnain st^ 

T)anslatfcm Initiation Is a complex proce^ In which the Inl^^ 

tl=QM and the 40S and 606 r&osoniai subunfts are raoruSed to 

the 5' end of a mRNA molecule and assembled by eukaryotic 

translatfon inHlatian fadors btto 

codon of the mim (Fig. 1). The 5' end of eul(aryolie mRNA is 
capped, La, conteins the cap stnjcture m^QpppN (T-mettiyl- 
guanosinMriphospho-S'-ribbnuGleoside): Atost translation In 
eitaiyotes occurs in a cap^fependert fashkm, Xft, ti^ 
specilicallyrBOogited by the elF4l^» which binds the 5' cap. 
The e]F4F tnansiatiDn initlalion complex is then formed 1^ the 
assemWy of elF4^, the RNA heOcase eilMA, end elF4<a, a 
scaflbldlng protein that mediates the binding of the 408 1^ 
somai subunit to tiie mRivIA mc^ecule ttwough interaction with 
the eiF3prot^ present on the 408 ribosontSL elF4A and eif% 
partkipate fci melting the secondary sbuctue of the 5' UTR of 
the mRNA. The 438 Initiation complex (40S/elR2/Met-tRNA^ 
OTP comr^ scans the mRNA in a 5'-»3' dkedion until It 
encounters an AUG start codon. This start codon Is then base- 
paired to the antioodon of Initiator tRNA, fanning the 488 Initi- 
ation complex. The Initiation liactDis are then displaoed ftom the 
488 complex, and the 608 ribosome Joins to tbrni the 808 
ritx)6omeL 

Unlike most eukaryotic translatton, translation Inltlalton of 
certain mRNAs, such as the r^oomavinjs RT^ is cap Inde- 
pendent and occurs by Internal ribosome entry. TWs mecha- 

nlsm does not raqi^ eli^ Bther the 438 cmvleK can bind 
the biitiaaon codon directly thnough lrtoactlon with the IRES In 

the 5' UTR such as in the encephalonriyocardifis vinis, or It can 
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'iJi?^*^ mwatlon <n oukaiyotas. The 4MPs ere hyperphos- 

?22S!rif^ ^S^S^** * ? dfrBctlon tmta an AUG start codon 
raiaased, and the luge ribosomal eulMinft la reoniltect. 



scanning or transfer, as l3 the case wfth the pdtomis (1). 

RegulaHon of TranBtotlon IniOamn 
Translation InHfatfon Can be regulated by attetaUons In the 
expression or phosphorylation status of the various fiictois 
Ihvpfved, Key components in ttanslational regulation thai 
may provtda potential therapeutic targets Ibllow. 

efF4E. elF4E plays a central role In translation regulation. 
It Is the (east abundant of the Initiation factors and Is con- 
sidered the rate-limiting component for Initiation of cap- 
dependent translation. elF4E may also be Involved In mRNA 
spHdng, niBNA 3' processbig, and mRNA nuddocytoplas- 
mic transport t2). eIRE expression can be Increased at the 
transcHpflonal level In rasponse to senim or growth factors 
CT. elF4E overexpresslon may cause prefersntlal translation 
of mRNAs containing ow5es8ive secondary structure In their 
5' IfTR that are nonmally discriminated against by the trans- 



laUonal machinery and thus are Inefftolenlly translated (4-7>« 
As examples of tWs, overaxpr^slon of elF4E promotes in^ 
creased translation of vascular endomellaJ growth fedor 
11brx>blast growth and cycfo 

Another mechanism of oontroi Is the regulation of elF4B 
ph08{^oryla»on. eiF4E phosphorylation ts mediated by the 
mitogen-ectlvated protein kinase-lnteracting k^tase 1, whiQri 
Is acttvated by the mitogen-acthrated pathwcy scttvatinQ 
extracellular signal-rslated kinases and the stress-acth^lacl 
pathw^ acting through p3e imtogen-actlvatod proMn ki- 
nase (10--13}. Several mitogenst auch as senim, i^ateiet-: 
derived growth factor, ^sldenmd growth fiactor, bisulln. 
angiotensin II, sro kinase overexpresslon, and ifas over- 
expressten. lead to eIRE phosphorylation (14), The phos- 
phorylation status of elFi^ Is usually comolated with ttie 
transiatfonal note and growth status of the cefl; however; 

eiF4E phosphoryMon has also been obsen/ed h response 
to some cellular stresses when translational rates actually 
decrease (16). Thus, further study is needed to understand 
the effects of eIF4E phosphorylation on elF4E activity. 

Another mechan^ of regulation Is the alteratkMi of elF4E 
avallabinty by the binding of elRE to ttie 6lF4&bIndlng pro- 
tons (4E-BP, also known as PHAS-O- 4E-BP8 compete with 
elF4Q fbr a bincflng site In elF4E The binding of elF4E to «ie 
best characterised elF4E^bindlng protein, 4E-BP1, is legu- 
teted by 4E-BP1 phosphorytetkm. Hypophosf^iorylated 4E- 
BP1 binds to elF4^v«iersas4&BI>1 hypen:dio^^x>rylat]on 
decreases this binding. Insulin, angiotensin, epkiennal 
growth factor, platelet-derived Growth facfor, hepatocyte 
growth fector, nerve growth fM^tor, Insulln-llkegrowth Itotor^ 
i and II, fnterleuWn 3, ^rahulocyte-macn^hage ootony-sUnv- 
ulatingfeclor + steelfactor, gastrin, and the adenov^ have 
an been reported to induce phosphorylation of 4E-6P1 and 
to decrease the ability of 4E-BP1 to bind elF4E (15, 10), 
Conversely, deprivation of nutrients or growth fectors results 
In 4E*BP1 dephosphorylatlon, an fricrsase In elF4E binding, 
and a decrease In cap-dependent translattoa 

p70S8Kbuse, Phosphorylation of riboaomal 408 protein 
S6 by 86K Is thoughtio play en imporlanl roletn trenslaticxial 
regulatton, S6K mouse ernbryonfc cells proliferate more 
slowly tiian do parental cells, demonstrating that S6K has a 
posltlvo Influence on cell proilferfttlon (1 7). S6K regulates the 
translation of a group of mRlslAs possessing a 5' tennlnal 
oligopyrimkftvetratta{5'70P)ibundatthe5' IJmof rtt^^ 
protein mRNAs and other mRMAs coding fbr componenis of 
the tnanslattonal machinery. Phosphorylation of S6K b regu- 
lated in part based on the avaBabUity of nutria (18^ l^andls 
stimidaled by several growth fectws, suchas ptat^-derfved 
growth factor and InsuBn-llka growth feolor I gQ). 

elF2a PhoMiorylation. The binding of the Initiator tRNA 
to the small ribosomai unit is mediated by tianslalkin Inltia* 
tton factor elFZ, Phosphorylalton of the o-oubunlt of eIF2 
prevents fonmalkDn of ttie elF2A3TP/Met-tRNA complex and 
inhibits gtobal prot^ syntheste (21, 2^. elF2a Is phosy^ 
ryiated under a variety of condltkms, such as viral Infection, 
nutrient deprivafion, heme deprivalton, and apoptosb (Za* 
elF2a Is phosphoryfated by hemefsgulated InWbBor, nufr^ 
regulated protein kinase, and the IFN-fnduoed, double* 
stranded RMA-acUvated protehn kinase (RKR; Ref. 23). 



ThemTOR Sf^iallng Pathway. The macroada antlbtotte 
rapamydn (glraflmu^ Wyeth-Ayeret Research, CoUegevflte, 
RA) has been the subject of Intend study because it rrv 
Mblts signal trari8ductk)n pathways fmol^ 
tfon, Tte rapamydn^nsfttve component of these pathways 
IsmTOR (aiso called FRAP or RAFTl). mTDR is the mam- 
malian homologue of the yeast TOR proteins that regulate 
prograsslon and translation In response to nutrient avallabir- 
Ity ^4). mTOR Is a serine-threonine kinase that mbdidates 
translalion Initiation by aHering the pho^hoiylation staha of 
4E-BP1 and S6K(F|g. 2; Ref. 25). 

isphosphoi^MedonmultiplefBsklue&mTORp 
phwylates the Thr-QT and Thr^je rasldues of 4&BP1 fri v*D 
00; how/Bven pho^d)orylaftk)n at these 
wHh a loss eIRE binding. Phosphoiyfatton of Tlv^ ai^ 
Thr-46 Is reqt^ lior subsequent phosphorylatfon at seveial 
CXX)ff:tennlna), serum-senstfive sites; a combination of these 
pho^3hofyla(tion events appears to be needed to Inhibit the 
bindingof 4&BP1 tDeiF4E(2?>.Theproduclof theATWgene,. 
P38/MSK1 pathway, and protelnidnase Or also pl^ a loSe in 
4&BP1 phosphoiytation {^7-^, 

S6K and 4E-BP1 are also regulated, in part, by POK and its 
downstream protein t^hase Aict PTBM Is a pliosphatase that 
n^atJvely regulates PI3K signaHng. PTBI nuD cells have 
constitutfvel/ active of Akt, with Increased S6Kactivify and 
S6 phosphorylatton (9(9. 86K aolMfy is Inhibited both by 
PI3K inhibitors wortmannln and LY294002 and by mTOR 
InWbitor rapamycin QtAi. Akt phosphoryiates Ser-2448 In 
mTOR In vftro, and this site is phosphoiyiatod upon Akt 
aclivatfon fn vfvo p1-33). Thi^, mTOR Is regulated tiy the 
PI3K/Akt pathway; howeva*, this does riot appear to be the 
only mode of regulation of mTOR acth%. Whether the PI3K 
pathWEy also regulates S6K and 4E-BP1 phosphorylation 
Independent of mTOR Is controverBlal. 

Interestingly, mTOR autophos[rfK)fylatton is blocked by wcrt- 
mannin but not by rapamydn (34). This sewnti^ hoonslsfen<y 
suggests that mTOT-responslve regulation of 4E-BP1 and S8K 
activity occurs through a mechanism other than intrfnste mTOR 
kinaseacth%. Ana]tematepathwayfbr4E-BP1 and seKphos- 
phOfyiaSon t|y mlOR acttvity Is by the InhibiQon of a pho^pha- 
lase. Treatment with calycdln A, an inhibitor of phosphatases 1 
and 2A, reduces lapamydn-induoed dephosphoiylatton of 4E- 
BP1 and S6K by rapamydn (35). PP2A Interacts v\rfth fulWength 
86K but not with a 86K mutant thai is resistant to dephospho- 
ryiatkin resulting from raparnycin. mTOR phosphoryiates PP2A 
Irt yUnn however, how this process alters PP2A aCth% is not 

known. These results are consistent with the nxxJel that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rhratkm and r&pannydn bksck InhHsHton of the phosphatase t^ 
mTOR. 

Polyadenylatton. The poiyW tail In eukaryotic mRNA Is 
important in enhsmcing translation lnltlatk>n and mRNA sta* 
bIDty. Polyadenylation plays a key role In regulating gme 
expressim during oogenesis and early enrtbryogenesls. 
Some mRNA that are translaUonalty Inactive In the oocyte are 
poiyadenytated concomitantly with translational activatiori In 
oocyte maturation, whereas other mRNAs that are transla- 
tlonaRy active during oogenesis are deadenylated and trans* 
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latlonally silenced (38-38). Thus, control of pdy(A) tan syn- 
ttiesis Is an bnportant regidatory step (n gene expression. 
The 5' cap and poiyW tan are thoufiW to functton syneigls^ 
tically to regulate mRNA translatkmal efficiency (39,40). 

RNA Packagbtg. Most RNA-blndIng proteins are asservv- 
bled on a transcript at the time of transcitptioh, thus deter- 
mining the translational fate of the transcript (41). A Ngi^y 
conserved family of Y-box proteins Is found in cytoplasmic 
messenger rlbonudeoproteln partteles, where the protdns 
are thought to play a role In restricting the lecmltment of 
mRlsiA to the translatkmal macWnery (41-43). The ma|or 
mRNA-assodated protein, YB-1, destakditoes the Interactfon 
of elF4E and the 5' mRNA cap fn v^, and overexpression of 
YB-1 rteuHs In translational represston in vfvo (4fl, Thus, 
alterations in RNA packaging can also play an important role 
In translatkmai regulation. 

Translation AKerattons Encounterad in Cancer 

Three rrialn allerattons at the translational level occur In cancer 
variattons In mRNA sequences Hiat Increase or decrease trans- 
lational efikdency, changes in the expression or sMaiiabaity of 
oonrjponenla of the transiatk>nal machinery, and acHvatkm of 
transiatton Ihrough aberrantly actlvaAed signd transduction 
pathways. The first atteraUon affects the translation of an bidt- 
vWuai mRNA tttat may play a role In candnogene^ The sec- 
ond and third alterations can lead to more global changes, such 
as an increase In the overaB rats of imtdn synthesis, and the 
translatkmal activation of several mRNA spades. 

Variations In mRNA Sequence 
Variations in mRNA sequence affect the translational eflK 
dency of the transciIpL A brief descriptfon of these vailatkm 
and examples of each mechanism foliow. 

Mulallone. Mutations In the mRNA sequence, especlalty 
in the 5' UTR, can alter its translattonai efficiency, as seen In 
the following examples. 



o-n^fa SaHDoeaLpropQisedthaKlranste^ 
repressed, whereas In sevttBl BurMtt 
thai haw deteUofis of me mlWAS' IJT^ 
b more effiblerrt (4^. iBcentiyt tt 
5' UTR of o-iro^ contains an IRES, and thus o-f?o« 
Son can be Initiated by a cap-Independent as weQ as a 
cap^dependem mechanism (46, 411. In patl^ 
myeloina, a C-^T mutation In the o-myc IRES was ktentw ed 
(40) and found to cause an enhanced Inltlaticm of translatlQn 
via Internal rfbospmal enHy (4^ 

BROAI. A somatic point mutation (117 Q-»C) In position 
-3 with respect to the start codon of the a/?CA7 gene was 
Identfflsd In a highly aggmsshfo sporadic breast cancer ^ 
Chrmerto conetruela conslstfng of the w»d^^ or mutated 
BRCAf 5' urn and a downstream tudferase reporter demr 
onstratedadecrea&einthetranslationd] elficiency th^ 
UTR mutation. 

Cye&^depwdtontKki^bthlbftQrZA. Some inherited 
mslanoina kindreds have a G->T transverslon at base -34 
of cycfirvdependent Mrmse inhit^2A, which encodes a 
cycHnKtopendent Unase 4/(^ln-dependent kinase 6 kbuee 
Inhll^ Important In checkpoint regi^on {51). This 
nfuitattoivglves rise to a novel AUG translatkMi Inltiatkm 
oodon, creating an upstream open reading frame ttwt com- 
petes for scanning rfbosomes and decreases transiadon 
torn the wild-type AUa 

Alternate SpBdng and AKemata Tianscr^ytion Start 
SItea. AReiHlfans In spfidng and aRemata franscriptton sites 
can lead to varlaltons In 5' IJm sequence, lengtti, and sec^ 
aiy sInictoB, uWmately Impacting translatfan^ 

47111 The ATM gene has four noncocfing axons its 5' 
UTR that und^o extensive altemative spBdng p2). The 
contents of 12 diflerent 5' UTRs that show oorsklerable 
dfveiBity in length and sequence have been Mentlfled. Ihese 
divergent 6' leader sequences play an Important ide In the 
trarslational rsgidatkHi o^ 

mdnt lna8Ub3etoftumor8,overexpres8k)n of the onco- 
protein mdm2 results In enhanced translatkm of the md^ 
mRNA. Use of different pronnoters leads to two md>n2 tran- 
scripts that differ only In their 5' leaders (53). The longer 5' 
UTR contains two upetream open reading frames, and this 
mRNA Is k)aded vdth ribosomes InefRclently compared with 
the short 5' UTR. 

BROAI. In a normal mammary gland, BRCA1 mRNA Is 
©qjiBssed with a shorter leader sequence (5'UTReO, whereas 
in sporadic breast cancer tissue, BRCAt mRNA is expressed 
with a longer leader sequence ^' UTRb); the translattonal 
efficiency of transcripts containing 5' UTRb Is 10 timee lower 
than that of transcripts containing 5* UTRa {5^. 

TGF-fia mRNA includes a 1,1^ 5' UTR, whteh 
exerts an Inhibitory effect on trEmslotton. Many human breast 
cancer cea lines contain a novel 7GF-03 trar^crfpt with a6' 
UTR that Is 870 nucleotkles shorter and has a 7-fbW greater 
translational efficiency than the ncmnal mRNA (65), 

Aitemate Polyadenylation Sites. Muitipfe polyadeiiyl- 
ation signals leading to the generatton of several transcripts 
with differing 3' IHT^ have been described for several mRNA 
epedes, euch as the WET proto-oncogene (BQ. ATM gene 
(52)> tissue Inhibitor of metallopn>tolnases-3 (57). AHQA 



proto-oncogene (58), and calmoduUn-l (59). Although tlio 
effect of these attemata 3' UTRs on tran^atton is rtot y&t 
known, they may be tn^xnlant In RNA-proteln int^ractiona 
that affect transiatidnai racrultment The me of these alter-^ 
aMons In cancer development and progrsssfon Is unknown. 



AHmMmslnthodmpanen^QfthB 
Ttanslathn Machhwiy 

AiteraUons in the components of translallon machlneiy can 
take many forms, 

Overexprssssion irf elF4E. Ovarexpression of elF4£ 
causes malignant iransfcnnatton in rodent cells (SQ and the 
dmgulatton of HeU ceU growth (61). Potunovsl^ et ai (62) 
fouid that elF4E overexprssslon substthrtes for serum anci 
Individual growtii factora in presen^g vlabOHy of fifaroblasta. 

whk^ si^geststhatelF4Ecan mediate both proliferative anci 
sundvai signaling. 

BevaM levels of en% mRNA hove been found Inabroaci 
spectrum of tnmsfbnned ceO lines (63). elF4E levels ar^ 
elevated In all ductal carcinoma In situ specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 6S). Prelim^ 

inary studies m^est that this overaxpre38k)n Is attribuiabie 
to gene ampHication (66). 

Ihm are aoGumulalIng data sugge^ 
pta^toncanbevauabieasapffDgnosttemffl 
exprsssionwasfburidlnarQirospeclIv^ 
poor prC)gnod8 in stages I to in breast candnoma pT). Verifica- 
tion ctf ttie prognostte value of elF4E ^ br^ cancer is now 
under wsq( In a prospective trial (67). However, In a different 
study, elF4E expression was correiated wHh the aggressive 
behavior of ncn4to(^^ lymphomas in a piospecfive 
analysis of patients with tead and neck cancer, eievated levels 
of eIRE in hlstDtogfe»% tumor-free swi^ ma^ 
a slgnfflcantly bcrsased risic of locakBglonal lecunence (9). 

These results c^i suggest ^ dF4E overBxpresskm can be 
used to select pallenis who nrtfgm benem liiom more aggraaslva 
Q/6temto therapy. Rirthennors, the head and neck cancw date 
suggest that elF4E cveiBxpresslon is a field defect and can be 
used to guUe tocal therapy. 

Alteraflons in Other initiation lectors. Alterations In a 
number of other initiation factors have been associated with 
cancer. Overprcxluctlon of elF4Q, similar to alF4E, teads to 
malignant transfemnatlon to vhro elF-2a b found In 
increased levels in bronchlotoahmlar carcinomas of the lung 
(3). Inltialion fiactor eIF4Al is overaxprsssed In melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunlt of 
translation InltlaBon factor 3 is amplified and ovmxpressed 
in breast and prostate cancer (72), and the eli=3^1 10 subunft 
is overaxprsssed In teetkxjlar seminoma (73). The role that 
overaxprssslon of these Initiation fectors plays on the devel* 
opment and progresston of cancw. If any. Is not Known. 

Overexprosefon of S6iC S6K Is amplified and highly 
overaxpressed m the MCF7 breast cancer cell line, com- 
pared with nomnal mammary epithelium (7^ In a study by 
Bariund ef a/. (74), 86K was ampiHted In 59 of 668 primary 
breast tumors, and a statistically significant association was 
obsenred between ampllHcatlon and poor prognosis. 



MotecutorCanoerThempeutksQ ^ 



<>verax|Hres8tanof PAP, PAP catalyzes 3' potyW syn- 
thesis PAP bxsverexpressed In human canc^ cdts com- 
pared wftft nomial and vfraUy ttansformed (75). PAP 
enzymatic actMty in breast tumors 
PAP protein l0veb(7Q cutd, In nmnvnaiytumor^^ 
foundtD t>e an Independentfactor for predicting aunrhral (76). 
Utile Is known, however, about how PAP expression orao- 
tiyfty mc^ the transtational profile. 

AlterattonslnRNA-bmdtnsProtalne. Evented is known 
aboiit alteiBtions In FINA pffi:kagfing In cancer, increased exr 
pressbn aid nudear locaOzatton of the IWM)indlng protein 
YB-1 are bxScatois of a poor prognose to bffsastcancdrt^^ 
non-maB eel fung cancer (7% and ovsrim 
arar, Ihis effect may be inedlalBd fit ieast h part at the lav^ of 
lianscrlptloa because YB*1 Increases chemorasistanod by en- 
handng the iranscttption of a muttk^ leeiBtanGO gm 



AcOvaihn of SlspuJ TtomducUon PaUmB(^ 
MMSm of signal transduction pathways by lose of tumor 
suppressorgenes or overexpres^ of certain tyrosine^ 
can contribute to the gnowlh and aggreashreness of tumors 
bnportan^^mutant fai human cancers is the tumor suppressor 
gene P7BV, wMch leads to the activation of the Pt3K/Akt pat^ 
way. Aclivafion of Pi3K and Ai<l Induces the oncogenic tians- 
formalion erf cNckan eni)iyDffl3robl8Ste.lto 
showoonstitutivephoephorylationof S6Kandof4E«»1 (91). 
A mutant Al(t that retains idnase actl^ but dbes not phos> 
phOfylatBS6Kor4E-BP1 does net tiansfonnfibrebiasts^wMch 
suggeste a coirelation between the oncogenic^ of PJ3K and 
Akt arKi fte plTosphorytertlon of S6K and 4eBP1 

SevsFBl tyrosine Idnases such as platelet-derived growth 
lector. (nsulIn-Ulce growth factor, HER2/heu» and epidemial 
growth factor rec^itor are overexpressed In cancer. Be- 
cause these kinases activate downsbeam signal transduc- 
lion pathwiq/8 known to alter liansiatkm immm, activation 
of translation b likely to contribute to the growth and aggres- 
siveness of these tumors. Fiffthermore, tiie mRMA for many 
of these Wnases tiieroselves are under translation^ control- 
Fbr example, HER2/neu mRMA Is translaltonally oomrolted 
both by a short upstream open reading frame that represses 
HER2/heu trensIaKon in a ceO type-Independent manner and 
by a distinct cell type^ependent mechanism that increases 
transiational eflteiency (82). HER2Aieu translation Is different 
In transfomned and normal cells. Thus. It is possible that 
alterations at the translatlonal level can In part account for 
the discrepancy between Hfin2//ieu gene ampttfkatton de- 
tected fay nuoreecencelnsttu tiybrtdizatton and prot^ teveis 
detected iiy Immunbhistochemlcal assays. 



Translation Targets of Selected Cancer Tlierepy 
Components of the translation machinery and espial path- 
ways involved In the activalton of transtetton InWaiton repre- 
sent good targete for canc^ therapy. 

Tai^BUng the mTOR ^alhg Pathway: Rapamyfdn 
anaTumstatin 

Rapamycin inhibits the prblHeratkxi of lymphocytea. it was 
Initially developed as an bniminowppressive dnig for organ 



tran^}lantatk)n, Rapamydn ^ FKBP 12 (FK506-blndhg 
poteln, Afr 12,000) binds to mTOR to inhibit ite ftmcttoa 

Retpamydncfflises a email but significant redgcUon In the 
Initlatkmretoof protein ^nthesis (83). It bkxteoeli growth 
part by bkxadng 86 phosphorylation and selectively su>. 
pressing the translaSon of S'TCP mRNAs, such as ribosomal 
protons, and etongation fectore ^3-85). Rapamydn also 
bk)ck8 4E-BP1 ph6sphoryiati<»i and inhibite cap^lependent 
but not cap-lndepemtent transiation (1 7, 8Q. 

ThQ rapamyc^n-eensitive signal tranaduetton pettnwsy, acti*. 
vated during mallgnanflren^cimation and canosrprogr^8k>i% 
te now being studied as a target to cancer therepy ^ Pio^ 
tate, breast, 8fna0ceQhjng,gSob!astoma.me2anomatandT-cea 
ieukarhia are among the cancer Snes most sensitive to the 
rapamycin mtogue CCI-779 (VVyetivAyerst Research; Ref. 
87). ft) rhebdonq/DDsaioomaoea fines, rapamycin tae^ 
stalteorcytoddfi|>dependft)g on «iep63 status of the celt p53 
wDd-^cellis treated wimiapamydnOTest In the Qt phase 
and maintein their.vlafalilly, wAiereas p53 mutrt 
lata InQt and undergo apoptosis (88.89). Inarscentty reported 
stixly using t»Jvnan primitive neuroeotDdemiai tumor and 
medulloblastoma mocteSs, rapamycin exi^ited more oytotox* 
k% in GomUrartion vvith dspiatlR and caiTV^^ 
dngle agent Ai vto, CCI*7TO delayed grofwlh of xenogr^ 
18096 afterl weekof theraivand240% after2 weeks. Asingle 
hie^Hlose adRMsiiaflon caused a 3796 decrease to tumor 
voluma Gnswth inWtton h vM> was 1J3 tim^ 
dspledin h combinalk)n with OCt-779 than vi^ 
{9(9. Thus, prsdlnicai studies suggest tfiat rapamydn ana- 
logues m useful as single agente and to combinatton with 
chemotherapy. 

Rapanr^ analogues CCI-779 and RAD001 (Ijovartis, 
Basd, SvvitzarlauKjO ere now to dtok»i ttfds. Because of tfi^ 
known effed of rapamydn on ^niphocyte proliterBtk)n, a 
potential prc^iem with rapaniydn analogues Immunosup- 
prssdon. However, aithou^ protonged Immunosupprssston 
can result flfom rapamydn and CCI-779 administered on 
conttouousKk>se schedutos, the immunosuppressive effeois 
of rapamydn anaksgues rssdve to '^24 h after therapy 
01). The prtodpal toxk^es of Ca-779 have induded der- 
matdogk»] toxidtyt myelosuppresston, Infection, mucositis, 
dianhea, rsverslble elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
S2r9^. Phase 11 trials of CCI-779 have been conducted In 
advanced renal cell cardnoma and in stage lll/IV breast 
carotooma patlente who Med with pg\or chemotherapy, in 
the resulte r^)orted to abstract fomn, althou^ there were no 
complete re^nses, partial responses were documented to 
tToth renaf cell cardnoma and In breast cardnoma (94, 8^. 
Thus, CCi-779 has documented preliminary dinteal activity in 
a prsvtousiy treated, unsdeded patient populattoa 

Adive inveetigatton Is underway toto patient edecfon for 
mTOR Inhtbltore. Several studies have found an chanced 
efficacy of CCI-779 to PTEN-ndl tumore pO, 96). Another 
study found that sbc of dght breast cancer ceil lines weie 
responsive to Ca-779, although only two of these lines 
lacked PTEN 97)There was, however, a podtlvecorrelatkm 
between Akt activation and CCI-779 eendtivity (^7). This 
comalatfonsuggeste that activation of the PI3K-Akt pathway, 



Ttensjatton WtfaHon ta Cancar 



nganfless of whether K Is attributable to a PT^ 
to overtexpresslon of receptor tyrosine Idnaees, makes can- 
cer cell amenable to m7DIW&«:tBd therapy. In contrast, 
knver levels of the target of mTOa 4E-BP1, are associated 
with rapannycln resistance; thus, a lower 4E-BP1/elP4e ratb 
may predict raparnycln resistance 

AnottMT inode of activity for rapaniydn and Hs analosues 
appsara to be through Inhibition of ai^ogeneste. This actlv- 
1^ may be both through direct bfthlbHipn of endothelial cell 
prollf^fatfon 88 a result of mlOR Inhibition In these cd^ 
InMbition of translation of such proanglbgenic factors as 
vascular endothelial growm lector in tunor ceBs ^ 

The angbgenesls Inhibitor tumstatin, another anticancer 
dhig cumuiuy uncier shJdy. was also found recently to fnhlWt 
translation In endottiellal cells (101). Thioi^h a requl^ In- 
teraction with inte^ tumstatfai Inhibits activation of the 
PISK^Akt pathway and mTOR In endothenal ceils and pre- 
vents dissociation of elF4Efifom 4E-BP1, thereby Inhibiting 
cap-dependent traufisiattor). These findings suggest that en- 
dothelial cells are aspecyiy sensitive to therapies targeting 
the mTOR-signallng pathwey. 



ancfflSmvtoMs 

EPA Is an n-3 polyunsaturated fat^ add found In the 11st*- 
based diets of populations havlr^alowlncldenoeofcanoer 
EPA inhibits the proUferotion of cancer ceils (103), as 
wen as In animal models (104. lOQ. It blocks c«U division by 
inhibiting tran^on initiasion (10^. B»A releases O^^ ftam 
Intracellular stores while Inhibiting their, reflinng, theretiy ao 
tfvaling PKR. PKR, in turn phosphorylates and Inhibits ell=2a, 
resulting In the kiWbltion of protein synthesis at ttie level of 
translation NtlaUon. Slmllafly, ctotrlmazote. a potent antipro- 
liferative agent/h v/fro and /n vfwo. inhibits cell grovrth through 
depletion of Ca** stores, acth/atlon of PKR, and phospho- 
rylatfan of ell=S!a (10Q. Consequently, dotrbnazole piel^rmi- 
tially decreases the expression of cycllns A» ^ and D1, 
resuftlng fin blockage of the can cycle In 

/nda-r Is a novel tumor suppressor gene being developed 
as a gene therapy agent AdenovlraJ transfer of /r«fa-7 
mdaT) friduces apoptosis In many cancer cells Including 
breast, colorectal, and lung cancer (107-109), Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of elF^a and induction of apoptosis (110). 

Flavonokls such as genlstein and quercetln suppress tu- 
mor cell growth* All three mammalian elF2o kinases, PKR, 
heme^egidated inhibitor, and PERK/PEK. aie acUvated by 
flavonokls, with phosphoryiatkm of etF2a and inhibition of 
protein synthesis (111). 



Taiy9tbiige!F4A and elF4&« AnUsome AAU 

AnUsenee expression of elF4A decreases the proliferation rate 
of melanomacells (112). SeciMastration of eil=4E by overex^ 
slon of 4E-BP1 Is pnDapoptotio and decreases tumorlgenteliy 
(1 13, 11i^ Reduction of eiF4£ with aniteense RNA decreases 
soft agar growBi, Increases tunrtor latent, and Increases the 
rates of tumor doubling times (7), Antisense e«^4E RNA treat- 



ment alto reduces the express of angtogerte ftbctors (11 Q 

and has been proposed aaapotenttala^wanttiierapyforheacl 
and neck cancan^ pertfcularty when eleyatod ell% is Ibu^ 
sujgkxri margins Smafl molecule inhibits 
4&BP1-blndng donmdn of ell% are proapoptotic (11Q ancs 
are also being actively pursued. 



ExpfoWiig Selective lYanB!atkm for Gene Thenpy 

A diiferant therapeutte approach titat takes advarAige of ^ 
enhanced capKiependent translaflon in cancer ce&s Is the use 
Of gene therapy vectors enoodbtg suteUe genes wtth highly 
stmctured 5' IHRThese n^RTIAvuoukf tiuB foe at acorrv)^^^ 
disadvantage In nonrnai cans and not transiato vveO, vrfiereas In 
cancerceOSptiieywoiWtranslalBrriorBeJffetentf^ 
the introductkm of theS' UTR of fibroblast growVite^ 
ti}e cod^ sequence of he/pes sftiy^vto 493e*t 
fthase gene^ aflowslbrsaieoavetrendatioriof 
vto 4^90-7 IfiyinUhe Afriase gene In breast canctf 
Gomparsd with nomial nrttunmaiy ceQ lines and reaiAe In 8^ 
lecUve eensHMty to gancfc^ (117). 



Toward 0ie Future 

Thanslafion b a cmc^ pnx»ss In every 0^1, 

(Aerations In tran^onal control occur h cmer. Oari^ 

appear to need an abenantly activated translationai state fbr 

siffvfvai, thus allbwlng tfie targeting of Irans^ 

sitfprislngly k)w toxici^. Coinponents of the 

cWnay, su<^ as dF4E, and signal transductton patiiws^ frv 

In iTOTsIation Iriftiation, such mTOR, r^nesent p^ 
targetsfbrcancerthenEg^. Inhibitors of ihemTOR have aliea^ 
shown scmie prellnrilnary activity In dinted tri^ 
that vi*h tiie development of better predtetfve markers and 
better patient seiecSoa rasponse rates to single-agent therapy 
can be Improved, ^ar to ottier <^rtostaUc agents 
mTOR Inhibitors are most Scaly to achleMa cOnlcal utiity In 
conriblnaftkxi therapy. In tiie Interim, our Increasing underste^ 
Ing of translation Initiation and signal transduction pattrwaye 

promise to lead to the kienttficaUon of new ttwrapeutfc targets 
In the near future. 
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